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SUMMARY 
An e x p e r i m e n t a l  i n v e s t i g a t i o n  o f  t h e  s t a t i c  aerodynamic characterist ics 
o f  a model of  one  des ign  concept  for  the  proposed  Nat iona l  Hypersonic  F l igh t  
Research F a c i l i t y  was conducted i n  t h e  L a n g l e y  8 - f o o t  t r a n s o n i c  p r e s s u r e  t u n n e l .  
The expe r imen t  cons i s t ed  o f  conf igu ra t ion  bu i ldup  f rom the  basic body by adding  
a w i n g ,  c e n t e r  v e r t i c a l  t a i l ,  and a three-module or six-module scramjet engine .  
The free-stream test Mach numbers were 0 . 3 3 ,  0.80,  0.90,  0.95,  0.98,  1.10,  and 
1.20 a t  Reynolds  numbers  per meter ranging  from  4.8 x IO6 t o  10.4 x IO6. The 
tes t  angle-of -a t tack  range  was approximately -40 t o  220 a t  c o n s t a n t  a n g l e s  o f  
s i d e s l i p  o f  Oo and  40 ;  t he  ang le  o f  s ides l ip  r anged  f rom abou t  -60  to  60 a t  
c o n s t a n t  a n g l e s  o f  a t t a c k  o f  Oo and 17O. The e l evons  were deflected 00, - loo ,  
and -200 w i t h  r u d d e r  d e f l e c t i o n s  o f  Oo and 15.60. 
The basic c o n f i g u r a t i o n  ( w i t h o u t  e i t h e r  e n g i n e )  e x p e r i e n c e d  a l o c a l  p i t c h  
i n s t a b i l i t y  a t  a n  a n g l e  o f  a t t a c k  o f  a b o u t  60 and a free-stream Mach number o f  
0 . 9 5 ;  b u t ,  i n  g e n e r a l ,  t h e  conf igu ra t ions  wi th  and  wi thou t  ei ther scramjet 
engine  exhib i ted  large amounts  of s ta t ic  l o n g i t u d i n a l  s t a b i l i t y  t h r o u g h  t h e  
ang le -o f -a t t ack  r ange  and  pos i t i ve  e f f ec t ive  d ihedra l  fo r  pos i t i ve  ang le s  o f  
attack. The concept  was d i r e c t i o n a l l y  u n s t a b l e  a c r o s s  t he  test free-stream 
Mach number range  above  an  angle  of  a t tack  of  14O. Rudder de f l ec t ion  caused  
e f f e c t i v e  c o n t r o l  r e v e r s a l  a t  free-stream Mach numbers o f  0 .go, 0.95, and 0.98. 
INTRODUCTION 
Separate  Nat ional  Aeronaut ics  and Space Adminis t ra t ion (NASA) and U.S. 
Air Force (USAF) s t u d i e s  h a v e  shown t h e  d e s i r a b i l i t y  o f  h y p e r s o n i c  f l i g h t  f o r  
ce r t a in   mi s s ions .   These   s tud ie s   have   i nc luded  a commerc ia l   t r anspor t ,   m i l i t a ry  
defense  sys tems,  and  an  a i r -brea th ing  launch  vehic le  for  fu ture  space  sys tems 
(refs.  1 t o   7 ) .   I n   f u r t h e r   p u r s u i n g  these o b j e c t i v e s ,   t h e  two a g e n c i e s   j o i n t l y  
conducted a s t u d y  t o  d e f i n e  a research a i r p l a n e  which  would s e r v e  as a hyper- 
son ic  f l i g h t  technology  demonstrator  ( ref .  8 ) .  T h i s  j o i n t  research e f f o r t  
(ref.  9 )  is c u r r e n t l y  d e s i g n a t e d  t h e  Nat iona l  Hypersonic  F l igh t  Research F a c i l i t y  
(NHFRF). Some of  t he  g u i d e l i n e s  f o r  t h e  NHFRF des ign  concep t s  are: 
( 1  To ach ieve  low c o s t ,  low r i s k  s t a t u s ,  t h e  f a c i l i t y  w i l l  u s e  n e a r  state- 
o f - the -a r t  materials and the proven B-52 a i r - launch ,  rocke t -boos t ,  and  glide- 
d e s c e n t  f l i g h t  t e c h n i q u e s .  
( 2 )  The f a c i l i t y  w i l l  s e r v e  as a f l y i n g  test bed f o r  h y p e r s o n i c  c r u i s e  
engine  pro to types  such  as the  in t eg ra t ed  modu la r  scramjet. 
( 3 )  The f a c i l i t y  w i l l  have a removable  payload bay for  housing research 
exper iments .  
A t y p i c a l  m i s s i o n  p r o f i l e  f o r  t h e  p r o p o s e d  r e s e a r c h  a i r p l a n e  is shown i n  
f i g u r e  1 t o  i l l u s t r a t e  t h e  a n g l e  of a t t a c k  e x p e c t e d  d u r i n g  t r a n s o n i c  f l i g h t .  
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I n  t h e  t r a n s o n i c  regime, a 1 7 O  a n g l e  o f  a t t a c k  is r e q u i r e d  d u r i n g  a s c e n t  i n  
o r d e r  t o  a t t a i n  a h i g h  f l i g h t  p a t h  a n g l e  f o r  e f f i c i e n t  r o c k e t  b o o s t  p a t h  a n d  
t o  m i n w z e  dynamic  pressure;  the  e q u i l i b r i u m   a n g l e   o f   a t t a c k   e s t a b l i s h e d  
a t  t h e  c r u i s e  c o n d i t i o n  is main ta ined   dur ing   descent .  The supersonic  and  hyper- 
s o n i c  p o r t i o n s  o f  t h e  p r o f i l e  w i l l  change wi th  d i f f e r e n t  e x p e r i m e n t a l  o b j e c t i v e s  
bu t  t he  t r anson ic  a scen t -descen t  po r t ion  shown is p r o b a b l y  r e p r e s e n t a t i v e  f o r  
m o s t  r e s e a r c h  f l i g h t s .  
The purpose  of  the  present  s tudy  was t o  i n v e s t i g a t e  e x p e r i m e n t a l l y  a t  
t r a n s o n i c  s p e e d s  a wing-body concept   developed  in-house  for   the NHFRF. Longi- 
t u d i n a l ,  lateral ,  and d i r e c t i o n a l  s t a b i l i t y  a n d  c o n t r o l  c h a r a c t e r i s t i c s  o f  t h e  
model were s t u d i e d .  These a e r o d y n a m i c  c h a r a c t e r i s t i c s  w i l l  be used t o  assess 
the  accep tab i l i t y  and  v i ab i l i t y  o f  t he  concep t  t h rough  s imula to r  and  mis s ion  
s t u d i e s .  The pa rame t r i c  tests inc luded   conf igura t ion   bu i ldup   and   e levon  and  
r u d d e r  d e f l e c t i o n .  Most o f  t he  s tudy  was conducted a t  Mach numbers o f  0 .80 ,  
0.90, 0.25, 0.98,  1.10  and  1.20  over a Reynolds number p e r  meter r ange   o f  
9.3 x 10 t o  10.4 x 10 . Limited data were a l s o   t a k e n  a t  M, = 0.33  and a t  
a Reynolds number p e r  meter of  4.8 x lo6.  The a n g l e  o f  a t t a c k  v a r i e d  f r o m  a b o u t  
-40 t o  22O a t  c o n s t a n t  a n g l e s  o f  s i d e s l i p  o f  Oo and 4 0 ,  while  t h e  a n g l e  o f  s i d e -  
s l i p  v a r i e d  from about -60 t o  60 a t  c o n s t a n t  a n g l e s  o f  a t t a c k  o f  00 and 17O. 
The e l evons  were deflected s y m m e t r i c a l l y  t o  e s t a b l i s h  trim c h a r a c t e r i s t i c s  a n d  
a symmet r i ca l ly  fo r  roll c o n t r o l .  The rudder  was a l s o  d e f l e c t e d  f o r  yaw c o n t r o l .  
Only those  data and r e s u l t s  p e r t i n e n t  t o  a n  o v e r a l l  a s s e s s m e n t  o f  t h i s  concept 
a t  t r a n s o n i c  s p e e d s  are p resen ted  in  the  ma in  body  of t he  pape r .  The basic data 
are p resen ted  in  the  append ixes .  
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SYMBOLS 
The l o n g i t u d i n a l  c h a r a c t e r i s t i c s  are p r e s e n t e d  a b o u t  t h e  s t a b i l i t y  a x i s ,  
and t h e  l a t e r a l - d i r e c t i o n a l  characterist ics are p r e s e n t e d  a b o u t  t h e  body a x i s  
( f i g .  2 ) .  The  moment r e f e r e n c e  p o i n t  was l o c a t e d  a t  the  des ign  cen te r  o f  
g r a v i t y  (65 p e r c e n t  o f  t h e  body l eng th  long i tud ina l ly )  and  on  the  model refer- 
ence   l i ne   ve r t i ca l ly .   Va lues  are g i v e n   i n  SI  u n i t s .  (Tables p r e s e n t   v a l u e s  
i n  b o t h  SI and U.S. Customary Units . )  Measurements  and calculat ions were made 
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PC0 
9, 
free-stream s ta t ic  p r e s s u r e  
free-stream dynamic pressure,  kN/m2 
x , y , z   r e f e r e n c e   a x e s ,   u n s u b s c r i p t e d   i n d i c a t e  body a x e s  
ci a n g l e   o f a t t a c k ,  deg 
B a n g l e   o f s i d e s l i p ,  deg 
6 e   e l e v o n   d e f l e c t i o n   a n g l e ,   p o s i t i v e  when t r a i l i n g  edge is down, deg 
S u b s c r i p t s :  
S s t a b i l i t y   a x i s   s y s t e m  
t trim c o n d i t i o n ,  Cm = 0 
&h d i f f e r e n t i a l l y  deflected a i l e r o n s   f o r  roll c o n t r o l  
6v deflected r u d d e r   f o r  yaw c o n t r o l  
Model nomenclature : 
B body o f   fu se l age  
BF base f a i r i n g  
BWVCS basic c o n f i g u r a t i o n  
E 3  three-module scramjet engine 
E6 six-module scramjet engine  
vcs c e n t e r   v e r t i c a l  t a i l ,  subson ic ,  diamond a i r f o i l  
W wing 
DESIGN CONCEPT 
This  concept  was based p r imar i ly  on  pe r fo rmance ,  s t ab i l i t y ,  and  con t ro l  
requirements  over  a Mach number range from 6 t o  8 and the performance a t  touch- 
down speed ,   wi th  a scramjet eng ine   i n s t a l l ed .   Re fe rence  10 h a s  shown t h a t  
vehicle  performance is s e n s i t i v e  t o  t h e  l o n g i t u d i n a l  l o c a t i o n  o f  t h e  scramjet 
engine  and  to  wing  inc idence  because  the  engine  produces  moments t h a t  m u s t  be  
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counterbalanced by the  wing  and  e levons.  The scramjet e n g i n e  a l s o  d i c t a t e s  t h e  
underbody shape  of  the  vehic le  s ince  the  a i r f rame- in tegra ted  scramjet concept  
uses  the  forebody for  precompressed  a i r  and t h e  a f t b o d y  f o r  a ha l f -nozz le  
expansion ramp ( r e f .  11). This  proposed scramjet engine  package  would  probably 
r e q u i r e  a minimum of  th ree  modu les  fo r  a meaningfu l  f l igh t  exper iment  whereas  a 
s ix-module package represents  the s ize  r e q u i r e d  t o  p r o d u c e  p o s i t i v e  n e t  t h r u s t  
minus drag a t  Mach 6 -  The c e n t e r  v e r t i c a l  t a i l  was des igned  wi th  a dua l  h inge  
l i n e  a t  approx ima te ly   t he   two- th i rds   cho rd   l oca t ion .   Th i s   des ign   a l lows   fo r  a 
diamond a i r f o i l  f o r  s u b s o n i c  t h r o u g h  s u p e r s o n i c  s p e e d s ,  a wedge a i r f o i l  f o r  
hypersonic   speeds,   and  speed  brake  extension.  Base f a i r i n g s  were added t o  
de te rmine  the  effect  on  drag  of  reducing  the  f l a t  base  area a t  touchdown speeds .  
MODEL 
A photograph  of  the  cast model w i th  i t s  i n t e r c h a n g e a b l e  p a r t s  is shown i n  
f i g u r e  3. The modular  design  of  the  0.033-scale t es t  model  permitted  buildup of 
t h e   b a s i c  model ( f i g .  4(a))   f rom  the  fol lowing  components :   body,   cropped  del ta  
w i n g ,   c e n t e r   v e r t i c a l  t a i l ,  base f a i r i n g ,   a n d  scramjet engine .  The  wing  had 
2.1° nega t ive  inc idence  and  I O o  p o s i t i v e  d i h e d r a l .  The a i r f o i l  was a modified 
c i r c u l a r  arc wi th  a leading-edge radius  (normal  to  leading edge)  of  0 .064 cm 
followed by a I O o  wedge s e c t i o n ,  and the  e levons  had  a cons t an t  t h i ckness  a t  
the  h inge  l ine  of  0 .814  cm and a 7.60 wedge a n g l e .  The  wedge e levons  were 
machined wi th  a r ad ius  ove r  approx ima te ly  the  a f t  o n e - t h i r d  t o  g i v e  a t r a i l i n g -  
edge  thickness   of  0.064 cm. The e levons   could  be d e f l e c t e d  +20°. The diamond 
a i r f o i l  t a i l  ( f i g .  4 ( b ) )  was the   on ly   one  tested i n  t h i s  i n v e s t i g a t i o n .  The 
base f a i r i n g s  are shown i n  f i g u r e  3. Two model scram j e t  engine packages con- 
s i s t i n g  o f  t h r e e  and s i x  c l u s t e r e d , m o d u l e s  were a l s o  t e s t e d  (see f igs .  3 and 
4 ( c )  - The p r o p o s e d   f l i g h t   r e s e a r c h   e n g i n e   h a s   t h r e e   i n t e r n a l   f u e l   s t r u t s   i n  
each module whereas the model engine packages used i n  t h i s  t e s t  s imula t ed  the  
i n t e r n a l   g e o m e t r i c   c o n t r a c t i o n  by u s e  o f  o n e  s t r u t  ( r e f .  12). The p e r t i n e n t  
g e o m e t r i c a l  c h a r a c t e r i s t i c s  o f  t h e  model fo r  ae rodynamic  t e s t ing  are l i s t e d  i n  
t a b l e  I. 
APPARATUS AND TEST 
Tunnel and Test Condi t ions  
The i n v e s t i g a t i o n  was conducted in  the  Lang ley  8 - foo t  t r anson ic  p re s su re  
t u n n e l   ( r e f .  13).  T h i s  f a c i l i t y  is r e c t a n g u l a r   i n   c r o s s   s e c t i o n ;   t h e   u p p e r   a n d  
lower walls are s l o t t e d  l o n g i t u d i n a l l y  t o  a l l o w  c o n t i n u o u s  o p e r a t i o n  t h r o u g h  
the  t ransonic  speed  range  and ,  as a r e s u l t ,  t h e  effects of choking  and  blockage 
are n e g l i g i b l e .  
The aerodynamic forces and moments were measured by means of a s i x -  
component  s t ra in-gauge balance housed inside the model  fuselage and at tached 
t o   t h e   t u n n e l  sting support   system. Base p r e s s u r e  was measured  with  forward 
f ac ing  p res su re  tubes  loca t ed  approx ima te ly  0 .2  cm beh ind  the  fuse l age  base .  
Most o f  t he  tests were conducted a t  free-stream Mach numbers,  Reynolds  numbers 
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A l i m i t e d  amount o f  data 
meter of  4 .8  x 106  (1.47 
o f  5 . 4  kPa (113 l b / f t 2 ) .  
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1 Free-stream dynamic p r e s s u r e  
l b / f  t2 
were t aken  a t  M, = 0.33, a t  a Reynolds  number  per 
x IO6 p e r  f o o t ) ,  a n d  a t  a free-stream dynamic p r e s s u r e  
The s tagnat ion  tempera ture  and  dew p o i n t  were main ta ined  a t  v a l u e s  t o  p r e -  
clude  condensation  shock effects. The angle-of -a t tack  range  was from  about  -4O 
t o  22O a t  a n g l e s  o f  s i d e s l i p  o f  Oo and 4O. A limited number of  tests were a l s o  
conducted  over  an  angle-of -s ides l ip  range  of  approximate ly  +60 a t  a n g l e s  o f  
a t t a c k  o f  a b o u t  Oo and 17O. T r a n s i t i o n  s t r i p s ,  0 . 3 2  cm wide and  composed  of 
No. 120 carborundum grains ,  were a p p l i e d  a t  the  fo l lowing  loca t ions  (measu red  
streamwise): 3.18 cm a f t  of   the   nose   s tagnat ion   po in t ;   1 .14  cm a f t  o f   t he  
lead ing  edge  of  the  w i n g ,  v e r t i c a l  t a i l ,  and engine cowling; and 1.14 cm i n s i d e  
t h e  l e a d i n g  edges o f  t h e  scramjet engine.  
C o r r e c t i o n s  and  Accuracy 
Because  of the s l o t t e d  tes t  s e c t i o n ,  no c o r r e c t i o n s  t o  t h e  free-stream 
Mach number  and  dynamic p r e s s u r e  f o r  the effects  of model and wake blockage are 
necessary.   Also,  no r e s u l t s  are p r e s e n t e d   f o r   s u p e r s o n i c  Mach numbers where 
boundary - re f l ec t ed  d i s tu rbances  would be expec ted  to  have  an  effect. 
The drag data have  been  co r rec t ed  to  the  cond i t ion  o f  free-stream s t a t i c  
p r e s s u r e  a c t i n g  o n  the  f u s e l a g e  b a l a n c e  c a v i t y  a n d  base. Typical  measured 
b a s e - p r e s s u r e  c o e f f i c i e n t s  are p r e s e n t e d  i n  f i g u r e  5. No c o r r e c t i o n  was made 
t o  t h e  drag data fo r  f low th rough  the  scramjet engine .  
The ang le s  o f  a t t ack  and  s ides l ip  have  been  co r rec t ed  fo r  the d e f l e c t i o n  
o f  the  ba lance  and  s t ing  due  to  aerodynamic  load .  The a n g l e s  o f  a t t a c k  were 
a l s o  c o r r e c t e d  f o r  t u n n e l  f l o w  a n g u l a r i t y .  
The data presented  a t  Mm = 0 .33   shou ld   be   u sed   w i th   cau t ion   s ince  these 
data were a c q u i r e d  f o r  a low free-stream dynamic p r e s s u r e  c o n d i t i o n  a n d  a l s o  
because  the  method s u g g e s t e d  i n  r e f e r e n c e  14 i n d i c a t e s  t h a t  a larger g r i t  s i z e  
is needed t o  i n s u r e  f u l l y  t u r b u l e n t  f l o w  f o r  t h i s  test c o n d i t i o n .  
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RESULTS AND DISCUSSION 
S t a t i c  L o n g i t u d i n a l  Characteristics 
Conf igura t ion  bui ldup  and-basic data.- The longi tudina l  aerodynamic  char- 
acteristics f o r - - t h e  c o n f i g u r a t i w  are p r e s e n t e d  i n  a p p e n d i x  A. For 
convenience i n  a s s e s s i n g  Mach number effects ,  t h e  untrimmed aerodynamic charac- 
terist ics f o r  the c o n f i g u r a t i o n s  wi th  and without  t he  six-module scramjet engine  
are  p r e s e n t e d  i n  f i g u r e s  6 and  7.  Note t h e  p i t c h  i n s t a b i l i t y  a n d  s i m u l t a n e o u s  
decrease i n  C L ~  a t  M, = 0.95, ct s 60 f o r  BWVcs, and t h e  subsequent  resump- 
t i o n   o f   s t a b i l i t y   a n d   i n c r e a s i n g  C h  a t  higher a n g l e s   o f  at tack. T h i s  
behavior  is probably caused by i n t e r f e r e n c e  f r o m  the v e r t i c a l  t a i l  (see appen- 
d i x  A ) .  Such  behavior has been  previously  observed  on t h e  de l ta  wing ,  cen te r  
v e r t i c a l  t a i l  F-102 c o n f i g u r a t i o n  (ref. 15). Note a l s o  t h e  n o n l i n e a r i t y  i n  t h e  
l i f t  and pi tching-moment  curves ,  par t icular ly  a t  t h e  lower free-stream Mach 
numbers. The nonl inear i ty   p robably   occurs   because  t h e  f low  about  t h i s  c l ipped  
delta wing  concept is m a i n l y  p o t e n t i a l  a t  a 6 7O. A t  t h i s  po in t ,   vo r t ex   f l ow 
from the wing probably becomes significant because of t h e  rather large t i p  chord 
(refs. 16 and 1 7 ) .  
_" 
The d r a g  p e n a l t y  o f  adding t h e  engine package was assessed by s tudy ing  the  
i n c r e m e n t s   i n  C D , ~  f o r   c o n f i g u r a t i o n s  wi th  and  without  t h e  six-module  engine 
as a f u n c t i o n   o f  Mach number. (See f ig .  8.) These increments  were obtained  by 
p l o t t i n g  CD a g a i n s t  C L ~  and l i n e a r l y   e x t r a p o l a t i n g   t o  CL 0 .  The a d d i t i o n  
of the  e n g i n e   i n c r e a s e s  C D , ~  by approximate ly   50   percent  a t  Mach 0.80, b u t  t he  
i n c r e m e n t a l   i n c r e a s e   i n  C D , ~  through t h e  t r a n s o n i c  regime is roughly the same 
(0.025) both wi th  and without t h e  scramjet e n g i n e  i n s t a l l e d .  
T r i m  characteristics.- The effect  o f  e l e v o n  d e f l e c t i o n  on the  l o n g i t u d i n a l  
characteristics o f  t he - . - conf igu ra t ions  w i t h  and without t h e  six-module engine is 
p resen ted  in  append ix  B. These effects  were used t o  d e t e r m i n e  the trimmed char- 
ac te r i s t ics  f o r  each c o n f i g u r a t i o n .  These characterist ics f o r  BWVCS and BWVcsE6 
are p r e s e n t e d  i n  f i g u r e s  9 and  10 ,   respec t ive ly .   Except   for  t h e  BWVCS configu- 
r a t i o n  a t  M, = 0 . 9 5 ,  the  p lo ts  have  been  ex t rapola ted  where n e c e s s a r y  t o  estab- 
l i s h  t h e  Mach number h i s t o r y  f o r  the a n t i c i p a t e d  trimmed angle  of  at tack ranging  
from Clt s 170 to   du r ing   a scen t   and   e scen t ,   r e spec t ive ly ,   t h rough  t h e  t r a n -  
sonic   speed regime. Ext rapola t ion   of  the  data f o r  t h e  BWVcs c o n f i g u r a t i o n  i n d i -  
cates tha t  m u l t i p l e  trim p o i n t s   o c c u r   f o r  6, h go  ( o r  a t  = 7.5O);   therefore ,  
t he  trimmed characteristics f o r  6, h go cannot  be c l e a r l y   d e f i n e d .  The usua l  
performance  parameters ((L/D),,imum, e tc . )  are n o t  d i s c u s s e d  f o r  t h i s  of f -des ign  
speed regime. The Mach number h i s t o r i e s  o f  p r i m a r y  parameters o f  i n t e r e s t  a t  
t r a n s o n i c  speeds are p r e s e n t e d  i n  f i g u r e  11' f o r  BWVcs and BWVcsE6 a t  a t  cc 4 O  
and 17O. The curve   o f   e levon power aCm/a6e p l o t t e d   a g a i n s t  Mach number was 
taken for t h e  untrimmed CL a t  a t  z, Q0 and 17O and the s lope   o f  t h e  Cm 
p l o t t e d   a g a i n s t  t he  6, curve  was read a t  6, = O o .  Figure  1 1  i n d i c a t e s  t h a t  
the basic c o n f i g u r a t i o n  is u n s t a b l e  a t  a t  fi: 4O,  0.925 5 M, S 0.96 b u t  t h a t  
t h e  c o n c e p t  i n  g e n e r a l  has large s ta t ic  l o n g i t u d i n a l  s t a b i l i t y  a t  a l l  o t h e r  t r a n -  
son ic  f l i g h t  c o n d i t i o n s .  The low e l evon  con t ro l  power e x h i b i t e d  a t  t r a n s o n i c  
s p e e d s  i n d i c a t e s  t h a t  large e l e v o n  d e f l e c t i o n s  are r e q u i r e d  t o  trim t h e  vehi- 
c le ,  e s p e c i a l l y  a t  0.95 6 M, 6 1.25. The implied e l e v o n   d e f l e c t i o n s   f o r  the 
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e x t r a p o l a t i o n s  p r e s e n t e d  i n  t h i s  paper could promote separation and a l ter  t h e s e  
r e s u l t s ;  h o w e v e r ,  t o  meet the  p r e s e n t  m i s s i o n  s t u d y  p r o j e c t i o n s ,  the  best es t i -  
mates o f  t h e  trimmed characterist ics a t  t h e  r e q u i r e d  trimmed a n g l e s  o f  a t t a c k  are 
p r e s e n t e d  i n  f i g u r e s  9 ,  I O ,  and 11.  These trim characterist ics t o g e t h e r   w i t h   t h e  
r o l l - y a w  c h a r a c t e r i s t i c s  p r e s e n t e d  later i n d i c a t e  t h a t  t h e  d e s i g n  c o n c e p t  d i s -  
c u s s e d  i n  t h i s  p a p e r  may be improved  by  enlarging  the  elevons.  Also, t h e  l o c a l  
p i t c h  i n s t a b i l i t y  may be a l l e v i a t e d  by g e o m e t r i c  a l t e r a t i o n .  P r e l i m i n a r y  mis- 
s i o n  a n a l y s e s  u s i n g  t h e  da t a  p r e s e n t e d  i n  t h i s  p a p e r  i n d i c a t e  t h a t  a s l i g h t  
a d j u s t m e n t  i n  a n g l e  o f  at tack t o  a v o i d  t h e  r e g i o n  o f  i n s t a b i l i t y  d u r i n g  t r a n -  
sonic  descent  would n o t  s i g n i f i c a n t l y  affect  the o v e r a l l  m i s s i o n  p r o f i l e .  
Theore t ica l  compar isons . - ,The  vor tex  l a t t i ce  method o f  r e f e r e n c e  18, wi th  
improvements i n  t h e  l e a d i n g - e d g e  s u c t i o n  by John E. Lamar (as y e t  u n p u b l i s h e d ) ,  
was used t o  p r e d i c t  t h e  ae rodynamic  cha rac t e r i s t i c s  o f  t he  fuse l age  and  wing 
c o n f i g u r a t i o n  o n l y  a t  M, = 0.80. Th i s  is t h e  h i g h e s t  Mach number a t  which  the 
p r e d i c t i o n s  were made s i n c e  l o c a l  s h o c k s  (which r e n d e r  t h e  t e c h n i q u e  i n v a l i d )  
were noted on sch l i e ren   pho tographs   fo r   0 .90  5 M,. The p r e d i c t i o n   t e c h n i q u e  
was used by assuming poten t ia l  f low over  the  en t i re  p lanform plus  vor tex  f low 
over the wing  leading edge and side edge ( t i p ) .  The mean camber l i n e s  o f  t he  
f u s e l a g e  and t h e  wing were used  t o  d e t e r m i n e  l o c a l  a n g l e - o f - a t t a c k  i n p u t  a t  
each v o r t e x  p a n e l .  The c o m p a r i s o n  o f  t h e o r e t i c a l  p r e d i c t i o n  wi th  exper imenta l  
data is p r e s e n t e d  i n  f i g u r e  1 2 ;  t h e o r y  p r e d i c t s  the data q u i t e  well, e s p e c i a l l y  
a t  the lower l i f t  c o e f f i c i e n t s .  
S t a t i c  L a t e r a l - D i r e c t i o n a l  Characteristics 
Basic la te ra l  aerodynamic characterist ics are p resen ted  in  append ix  C .  
The s ta t ic  l a t e r a l - d i r e c t i o n a l  c h a r a c t e r i s t i c s  f o r  t h e  body bui ldup  were eva l -  
ua ted  a t  B = Oo and 4 O  and are p r e s e n t e d   i n   f i g u r e   1 3 .  The body a l o n e  is 
u n s t a b l e  b o t h  l a t e r a l l y  a n d  d i r e c t i o n a l l y  a t  a l l  free-stream Mach numbers. The 
a d d i t i o n  o f  t h e  w i n g  p r o v i d e s  p o s i t i v e  e f f e c t i v e  d i h e d r a l  a t  most p o s i t i v e  
a n g l e s  o f  a t t a c k ,  b u t  as expec ted ,  there is very  l i t t l e  g a i n  i n  d i r e c t i o n a l  
s t a b i l i t y .  The c e n t e r  v e r t i c a l  t a i l  p r o v i d e s  d i r e c t i o n a l  s t a b i l i t y  up t o  a 
minimum of   about  12O ang le  o f  attack a t  M, = 1.10  and t o  as h igh  as 1 4 O  a t  
M, = 0.98. The loss of  t a i l  e f f e c t i v e n e s s  a t  h igh  ang le s  o f  a t t ack  is due i n  
p a r t  t o  a d v e r s e  effects  from the fuselage fo rebody .   In   gene ra l ,  the  c e n t e r  
v e r t i c a l  t a i l  p rov ides  a s l i g h t  improvement i n  la teral  s t a b i l i t y .  A d d i t i o n  
of  the s ix-module engine has a s t a b i l i z i n g . i n f l u e n c e  on the  d i r e c t i o n a l  sta- 
b i l i t y  based on the  model moment r e f e r e n c e  w h i c h  r e p r e s e n t s  t h e  c e n t e r . o f  
g r a v i t y  o f  the  basic BWVcs conf igu ra t ion .   The re fo re ,   t he   magn i tude   o f  t h i s  
improvement i n   s t a b i l i t y  may be diminished i f  t h e  c e n t e r  o f  g r a v i t y  o f  t h e  
f l i g h t  v e h i c l e  e x p e r i e n c e s  a s i g n i f i c a n t  rearward s h i f t  w i th  t h e  a d d i t i o n  o f  
t h e  f l i g h t  engine.  The  s ix-module  engine  does  not   prevent   the l o s s  o f  s t a b i l i t y  
a t  h igh  angles  of  attack even a t  t h e  test  moment r e f e r e n c e .  The lateral  sta- 
b i l i t y  is s l i g h t l y  improved by the  six-module  engine a t  t he  lower a range   bu t  
decreases a t  t h e   h i g h e r  a r ange .  The d i r e c t i o n a l   s t a b i l i t y   c h a r a c t e r i s t i c s  
are i n s u f f i c i e n t  t o  p r o v i d e  a stable ascen t  t h rough  t r anson ic  speeds  wi th  or 
wi thou t  t he  eng ine .  The effect o f  t h i s  i n s t a b i l i t y  on v e h i c l e  t r a n s o n i c  p e r -  
formance w i l l  depend  on s i m u l a t i o n  s t u d i e s  a n d  t h e  effect  o f  f l i g h t  v e h i c l e  
i n e r t i a s  on C 
"B dyn 
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Lateral and  Di rec t iona l  Con t ro l  
The r o l l  c o n t r o l  which was i n v e s t i g a t e d  f o r  t h e  BWVcsE6 c o n f i g u r a t i o n  o n l y  
is p r e s e n t e d  i n  f i g u r e  1 4 .  These data were ob ta ined  by d e f l e c t i n g  t h e  l e f t  
e levon loo and the  r igh t  e levon -loo. The yawing moment due t o  r o l l  c o n t r o l  is 
adve r se  bu t  is no t  cons ide red  a ser ious  problem.  
The yaw c o n t r o l  f o r  t h i s  same c o n f i g u r a t i o n  is p r e s e n t e d  i n  f i g u r e  1 5 .  
These d a t a  were ob ta ined  by d e f l e c t i n g  t h e  r u d d e r  15.6O.  The r o l l i n g  moment 
due t o  yaw c o n t r o l  Cz6, is n e g l i g i b l e ;   h o w e v e r ,   e f f e c t i v e   c o n t r o l   r e v e r s a l  
was encounter,ed a t  M, = 0.90,  0.95,  and  0.98 as  evidenced by the n e g a t i v e  
va lues   o f  Cz6 a n d   p o s i t i v e   v a l u e s   o f  Cn6,. The e f f e c t i v e   r e v e r s a l  i s  prob- 
ably caused by s e p a r a t i o n  on the wing  toward which the  rudder  was d e f l e c t e d .  
V 
CONCLUSIONS 
An a n a l y s i s  o f  t h e  data f rom an  exper imenta l  inves t iga t ion  of  a model o f  
a wing-body concept  for  the  proposed  Nat iona l  Hypersonic  F l igh t  Research 
F a c i l i t y  a t  t r anson ic  speeds  and  ove r  a Reynolds number per meter range  of  
4.8 x lo6 t o  10.4 x l o 6  i n d i c a t e s  t h a t  t he  requi rements  a t  t r a n s o n i c  f l i g h t  
could  be met. The f o l l o w i n g  c o n c l u s i o n s ,  r e s u l t i n g  d i r e c t l y  f r o m  tha t  a n a l y s i s ,  
are a l so  cons ide red  no tewor thy  in  t he  o v e r a l l  e v a l u a t i o n  of t h i s  concept .  
1 .  The b a s i c  c o n f i g u r a t i o n  ( i .e . ,  w i t h o u t  e n g i n e  i n s t a l l e d )  e x p e r i e n c e d  a 
l o c a l  p i t c h  i n s t a b i l i t y  a t  a n  a n g l e  o f  at tack o f  abou t  6O and free-stream Mach 
number of  0 .95 ,  bu t  t h e  concept wi th  OF w i thou t  eng ine  gene ra l ly  showed large 
amounts  of s ta t ic  l o n g i t u d i n a l  s t a b i l i t y .  
2 .  Yaw c o n t r o l  was i n v e s t i g a t e d  o n l y  f o r  t he  c o n f i g u r a t i o n  w i t h  scramjet 
engine attached; e f f e c t i v e  c o n t r o l  r e v e r s a l  o c c u r r e d  a t  free-stream Mach numbers 
of  0.90,  0.95,  and  0.98. 
The r ema in ing  conc lus ions  app ly  to  t h e  concept w i th  or without  t h e  scramjet 
e n g i n e  i n s t a l l e d .  
3. P o s i t i v e  e f f e c t i v e  d i h e d r a l  was e x h i b i t e d  a t  p o s i t i v e  a n g l e s  o f  at tack. 
4. Low e levon  con t ro l  power was e x h i b i t e d  w h i c h  r e s u l t e d  i n  large d e f l e c -  
t i o n s  r e q u i r e d  f o r  trimmed f l i g h t  a t  t r anson ic  speeds .  
5. S ta t ic  d i r e c t i o n a l  s t a b i l i t y  was l imited t o  a n g l e s  o f  attack of 12O or 
less; t h e r e f o r e ,  c o n f i g u r a t i o n  m o d i f i c a t i o n s  are r e q u i r e d  f o r  stable a s c e n t  
th rough t ransonic  speeds .  
Langley Research Center 
Nat ional  Aeronaut ics  and Space Adminis t ra t ion 
Wamp ton ,  VA 23665 
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APPENDIX A 
CONFIGURATION  BUILDUP 
The untrimmed longitudinal aerodynamic characteristics f o r  t h e  conf igura-  
t i o n  b u i l d u p  are p r e s e n t e d  i n  f i g u r e  16. The a d d i t i o n  o f  t he  w i n g  t o  t he  body 
s i g n i f i c a n t l y  altered t h e  lift,  drag, and pitching-moment curves wi th  
becoming much more p o s i t i v e   a n d  C, s h i f t i n g   f r o m   p o s i t i v e   t o   n e g a t i v e .  The 
a d d i t i o n  o f  the  c e n t e r  v e r t i c a l  t a i l  t o  t he  body-wing conf igura t ion  produced  
drag and pitching-moment increments which g e n e r a l l y  i n c r e a s e  'with i n c r e a s i n g  
Mach number. The v e r t i c a l  t a i l  a l so   p roduced  a break i n  t h e  CL p l o t t e d  a g a i n s t  
ct curve  and a p i t c h  i n s t a b i l i t y  a t  M, = 0.95 and 4O S a S 7O a t  which p o i n t  
paper ,  t h i s  behavior  is p r o b a b l y  d u e  t o  p a r t i a l  w i n g  s epa ra t ion  caused  by the 
v e r t i c a l  t a i l  wi th  subsequent reattachment and has been previously observed 
on a model of  t he  F-102 which had a d e l t a  wing and a c e n t e r  v e r t i c a l  t a i l  
( ref .  15). 
cLa ' 
a 
cLci and c.0, resume t h e i r   e x p e c t e d   t r e n d s .  As n o t e d   i n  t he  main  body of t h e  
The a d d i t i o n  o f  t he  f low-through engine modules  general ly  increases  t he  
l i f t ,  wi th  t h e  six-module engine (E61 e f f e c t i n g  a larger i n c r e a s e  t h a n  t h e  
three-module  engine (E3). The d rag  i n c r e a s e  is a l s o  greater f o r  E6 t h a n  f o r  
E3; however, t h e  drag increment between BWVCS and BWVcsE3 is somewhat larger 
t h a n  t h e  drag  increment  between BWVcsE3 and BWVcsE6. The a d d i t i o n  o f  e i ther  
e n g i n e  p a c k a g e  g e n e r a l l y  r e s u l t s  i n  a nose-down pitching-moment increment wi th  
the E6 having more effect  than  the  E3. The a d d i t i o n  o f  t he  base fairing t o  t h e  
BWVcsE6 c o n f i g u r a t i o n  s l i g h t l y  i n c r e a s e s  t he  l i f t  and drag, b u t  s l i g h t l y  
decreases the p i t c h i n g  moment. The re fo re ,  t he  b a s e  f a i r i n g  d i d  not  have a 
s i g n i f i c a n t  effect  on t h e  aerodynamic characteristics a t  t r a n s o n i c  s p e e d s  wi th  
E6 i n s t a l l e d .  
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APPENDIX B 
EFFECT OF ELEVON DEFLECTION 
The effect of e l e v o n  d e f l e c t i o n  on the  l o n g i t u d i n a l  characteristics of t h e  
c o n f i g u r a t i o n s  w i t h  and without  t h e  six-module scramjet engine  i s  p r e s e n t e d  i n  
f i g u r e s  17 and 18, r e s p e c t i v e l y .  These data were used t o   d e t e r m i n e   l o n g i t u d i n a l  
aerodynamic characteristics wi thout  t he  e n g i n e .  P i t c h  i n s t a b i l i t y  o c c u r r e d  a t  
= 0.95 and 0 5 CL 5 0.5 f o r  the basic c o n f i g u r a t i o n  a t  each elevon deflec- 
t i o n  whereas t h e  c o n f i g u r a t i o n  wi th  t he  sc ramje t  eng ine  d i d  n o t  e x h i b i t  the  same 
i n s t a b i l i t y .  The engine  may be compensa t ing  for  t he  appa ren t  s epa ra t ion  no ted  




BASIC LATERAL AERODYNAMIC CHARACTERISTICS 
Basic lateral  a e r o d y n a m i c  c h a r a c t e r i s t i c s  o f  t h e  BWVcsE6 c o n f i g u r a t i o n  
are p r e s e n t e d  i n  f i g u r e  19 a t  Oo and 17O a n g l e s  of at tack. These data were 
o b t a i n e d  t o  d e t e r m i n e  t h e  l i n e a r i t y  o f  t h e  la teral  ae rodynamic  cha rac t e r i s t i c s .  
The l i n e a r i t y  is good a t  b o t h  a n g l e s  of a t t a c k  w i t h  t h e  e x c e p t i o n . o f  t h e  y a w i n g  
moment a t  a s 17O.  
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TABLE I.- GEOMETRIC CHARACTERISTICS OF MODEL 
Wing : 
Area ( i n c l u d e s   f u s e l a  e i n t e r c e p t ) .  m2 ( i n 2 )  . . . . . . . . .  0.060  (92.63) 
Area. wetted.  m2 ( i n2 )  . . . . . . . . . . . . . . . . . . . .  0.064  (98.98) 
Span. m ( i n . )  . . . . . . . . . . . . . . . . . . . . . . . .  0.244  (9.62) 
Aspect r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.999 
Root  chord ( a t  f u s e l a g e  c e n t e r  l i n e ) .  m ( i n . )  . . . . . . . .  0.371  ( 4.59) 
Tip chord. m ( i n . )  . . . . . . . . . . . . . . . . . . . . . .  0.119  (4.7) 
m ( i n . )  . . . . . . . . . . . . . . . . . . . . . . . . . .  0.294  (11.57) 
Area. exposed. m2 ( i n  5 ) . . . . . . . . . . . . . . . . . . .  0.030 (47 . 00) 
T a p e r r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.322 
Mean aerodynamic  chord  ( inc ludes  fuse lage  in te rcept ) .  
Sweepback ang le s :  
Leading  edge.  deg . . . . . . . . . . . . . . . . . . . . . . . .  67.5 
25-percent chord l ine.  deg . . . . . . . . . . . . . . . . . . . . .  61.1 
T r a i l i n g e d g e .  deg . . . . . . . . . . . . . . . . . . . . . . . .  0 
Dihedral   ang e.   deg . . . . . . . . . . . . . . . . . . . . . . . . .  10 
Incidence  angle .   deg . . . . . . . . . . . . . . . . . . . . . . . . .  -2.1 
A i r f o i l  t h i c k n e s s  r a t i o :  
Exposed r o o t  . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.051 
Tip . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.078 
Leading-edge  radius  (normal  to  leading  edge).  cm ( i n . )  . . . .  0.064  (0.025) 
Tra i l ing-edge   th ickness .  cm ( i n . )  . . . . . . . . . . . . . .  0.064  (0.025) 
Elevons: 
Tip  chord.  percent wing t i p  . . . . . . . . . . . . . . . . . . .  36.6 
Span.   percent   total   span . . . . . . . . . . . . . . . . . . . . .  59.8 
Area. both.  m2 ( i n 2 )  . . . . . . . . . . . . . . . . . . . .  0.0064  (9.89) 
V e r t i c a l  tail : 
Area. exposed. m2 ( i n 2 )  . . . . . . . . . . . . . . . . . . .  0.007  (10.93) 
Span.  exposed. m ( i n . )  . . . . . . . . . . . . . . . . . . . .  0.077  (3.06) 
Aspect r a t i o   f  exposed area . . . . . . . . . . . . . . . . . . . .  0.857 
Root  chord a t  f u s e l a g e   s u r f a c e   l i n e .  m ( i n  . ) . . . . . . . . .  0.101  (3.99) 
Tip  chord. m ( i n . )  . . . . . . . . . . . . . . . . . . . . . .  0.057  (2.256) 
Mean aerodynamic  hord  of  exposed area. m ( i n . )  . . . . . . .  0.097  (3.804) T a p e r r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.565 
Sweepback angles:  
Lead ingedge .  deg . . . . . . . . . . . . . . . . . . . . . . . .  49.9 
Trail5ng  edge.  d g . . . . . . . . . . . . . . . . . . . . . . . .  18.5 
Hinge l i ne   l oca t ion .   pe rcen t   cho rd  . . . . . . . . . . . . . . . . .  68.7 
Arudder/Atotal . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.295 
Leadmg-edge  radius.  cm ( i n . )  . . . . . . . . . . . . . . . .  0.064  (0.025) 
Fuselage: 
Length. m ( i n . )  . . . . . . . . . . . . . . . . . . . . . . .  0.584  (23.0) 
Nose r ad ius .  cm ( i n . )  . . . . . . . . . . . . . . . . . . . .  0.159  (0.063) 
Maximum h e i g h t .  m ( i n  . ) . . . . . . . . . . . . . . . . . . .  0.076  (2.98) 
Maximum width.  m ( i n . )  . . . . . . . . . . . . . . . . . . . . .  0.097 (3.83) 
F ineness   r a t io   o f   equ iva len t  round body . . . . . . . . . . . . . .  6.86 
Planform area. m2 ( i n 2 )  . . . . . . . . . . . . . . . . . . .  0.042  (65.12) 
Wetted area: 
Without  comp nents  or  base. m2 ( in2)   0 .122  (188.6)  
m2 ( in2)  0.116  (179.4) 
. . . . . . . . . . . .  
With win$ On. Ab. m2 ( i n  . . . . . . . . . . . . . . . . . . . . . . . . . .  0.0023  ( .54) 
Planform area. m2 ( i n 2 )  . . . . . . . . . . . . . . . . . . .  0.072  (112.12) 
Aspect ra t io   f  p lanform . . . . . . . . . . . . . . . . . . . . . .  0.825 
. . . . . . . . . . . . . . . . . . .  
Complete model: 
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Figure  2.- SYStem of re ference  axes .  Arrows i n d i c a t e  p o s i t i v e  d i r e c t i o n s .  
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Figure 3 . -  Photograph of cast model with interchangeable  par ts .  
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X station .531 
Model reference line 
( a )  Model detai ls .  
Figure 4.-  Model general   d imensions.  All dimensions  have  been  normalized 




( b )  Vertical t a i l  s u b s o n i c  a i r f o i l .  
F igure  4.- Continued. 
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L -r\ 350 
Bottom view of scramjet with cowl on 
Bottom view of scramjet with cowl off 
- 
Fuel strut  - 
Inside  splitter  plate 
(c )  Scramjet engine details .  
F i g u r e  4.- Concluded. 
22 
Mach number 
- 7  



















F i g u r e  5.- V a r i a t i o n  of b a s e - p r e s s u r e  c o e f f i c i e n t  w i t h  
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Figure 6.- Effect  of  Mach  number  on  longitudinal  characteristics 
of BWVcs configuration . 
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Figure  7.- Effect of Mach number  on l o n g i t u d i n a l  c h a r a c t e r i s t i c s  
of BWVcsE6 conf igu ra t ion .  
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Figure 8.- Drag c o e f f i c i e n t  a t  zero l i f t  as function of Mach number for 
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BWVCS and BWVcsE6 conf igura t ions .  
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(a) M,'= 0.80. 
Figure 9.- Longitudinal aerodynamic characteristics at trim 
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Figure  9.- Continued. 
I 
0 .1  
!i 
I 













- - Extrapolation 
.06 
. M  
.@ 
0 
( d l  M, = 0.98. 
F igu re  9.- Continued. 
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Figure  10.- Longitudinal aerodynamic characteristics a t  trim 
of  BWVcsE6 conf igu ra t ion .  
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Figure  10.-   Concluded. 
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Figure  - Mach of 
f o r  BWVCS and BWVcsE6 c o n f i g u r a t i o n s  a t  4 O  and 1 7 O  trimmed a n g l e  
of a t t a c k .  
11 .- number h i s t o r y  s e v e r a l  aerodynamic c h a r a c t e r i s t i c s  
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Figure 11.- Continued. 
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Figure  12.- Comparison of  experiment  with t h e o r y  f o r  body wing (BW) 
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F igure  13.- Effect o f  body bui ldup  on s t a t i c  l a t e r a l - d i r e c t i o n a l  
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Figure 13 .- Continued. 
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Figure  13.- Continued. 
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Figure  13.- Continued. 
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(g> M, = 1.20. 














c Z  
‘h . 001 
0 
-5 0 5 10 15 20 25 
9 deg 





0 - 9 5  
A .98 
e 1.10 









" S v f  
.001 
0 
- M 1  . W W I  
-5 0 5 1'5 20 25 
Figure 15.- Directional control characteristics for BWVcsE6 configuration. 
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Figure 16.- Effect of body buildup on untrimmed longitudinal 
aerodynamic characteristics. 
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(b) M, = 0.80. 
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6.- Continued. 
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Figure  16.- Continued. 
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F igu re  17.- Effect o f  e l e v o n  d e f l e c t i o n  on long i tud ina l  ae ro -  
dynamic characterist ics of  BWVcs conf igu ra t ion .  
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(b) M, = 0.90. 
Figure 17.- Continued. 
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F i g u r e  17.- Continued. 
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Figure 18.- Effect of  elevon  deflection on 
longitudinal  aerodynamic  characteristics 
of BWVcsE6  configuration. 
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Figure  18.- Continued. 
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Figure 18.- Continued. 
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Figure 18.- Continued. 
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Figure 18.- Concluded. 
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Figure 19.- Lateral aerodynamic character is t ics  of BWVcsE6 configuration. 
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Figure 19.- Concluded. 
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